The prevalence of hypothermia in patients following helicopter transport varies widely. Low outside air temperature has been identified as a risk factor. Modern helicopters are insulated and have heating; therefore outside temperature may be unimportant if cabin heat is maintained. We sought to describe the association between outside air, cabin and patient temperature, and having the cabin temperature in the thermoneutral zone (18-36 o C) in our helicopter-transported patients. We conducted a prospective observational study over one year. Patient temperature was measured on loading and enginesoff. Cabin and outside air temperature were recorded for the same time periods for each patient, as well as in-flight. Previously identified risk factors were recorded. Complete data was obtained for 133 patients. Patients' temperature increased by a median of 0.15 o C (P=0.013). There was no association between outside air temperature or cabin temperature and patient temperature gradient. The best predictor of patient temperature on landing was patient temperature on loading (R 2 =0.86) and was not improved significantly when other risk factors were added (P=0.63). Thirty-five percent of patients were hypothermic on loading, including those transferred from district hospitals. No patient loaded normothermic became hypothermic when the cabin temperature was in the thermoneutral zone (P=0.04). A large proportion of patients in our sample were hypothermic at the referring hospital. The best predictor of patient temperature on landing is patient temperature on loading. This has implications for studies that fail to account for pre-flight temperature.
Hypothermia is associated with increased morbidity and mortality in trauma patients 1, 2 . In addition, hypothermia on admission to the intensive care unit is associated with increased mortality in head-injured patients 3 . Despite its subtropical environment, in Australia trauma patients remain at risk of admission hypothermia with reported rates of 5.7% 4 to 13.25% 5 . The prevalence of patients arriving hypothermic following rotary wing transport ranges widely from 8.5% to 53% [6] [7] [8] [9] [10] . Whether this is due to patients being hypothermic on loading into the aircraft or due to a temperature change while in the air is unclear. When patients have lost heat during helicopter transport, intubation and neuromuscular blocker (NMB) use 7, 11 , low pre-flight temperature 6,10 , intravenous fluid 11 (IVF) and pre-hospital blood administration 8 have been associated with the development of hypothermia. Additional risk factors for hypothermia identified in pre-hospital patients include systolic blood pressure (SBP) less than 100 mmHg and wintertime; while motorbike accidents (MBA), falls and low arrival respiratory rate (RR) were independently protective 5 .
Outside air temperature in-flight of around 8 o C has also been identified as a risk factor for hypothermia in helicoptertransported patients 11 . For every 1000 foot increase in altitude, air temperature decreases by 1-2 o C. A flight at 6000 feet can mean an environmental temperature drop of 12 o C. However, modern helicopters are insulated and have cabin heating. Therefore the outside air temperature may be unimportant if cabin temperature is maintained. The thermoneutral zone (TNZ) is the range of environmental temperatures where the body can maintain its own temperature without the need to increase heat production through metabolism, or lose heat through evaporation 12 . The TNZ ranges from 20-32 o C as it is influenced by factors such as clothing, body composition, age and gender 12 . It is possible that if the cabin temperature remains above 20 o C then temperature loss may be less likely to occur. A previous study has reported no overall difference in patient temperature pre-and post-flight when the average cabin temperature was 15 o C 9 . However, 53% of patients in this study were hypothermic on landing and the number who became hypothermic inflight is not reported. In two studies where the average cabin temperature was greater than 20 o C, both reported that patients' temperature increased 10, 13 . In one of these studies no patients became hypothermic 10 , while hypothermia rates were not reported in the other 13 . A fourth study 14 incorporating both ground and air transported patients, found the warmest mean outside temperature (23.1 o C) was associated with the largest reduction of patient temperature compared to a colder outside environment. However hot packs, warmed IVF and blankets were applied to those in colder environmental temperatures, while no warming devices were applied to patients on the warmer days, potentially confounding these results.
Given that warmer environmental temperatures may be associated with fewer patients developing hypothermia, we sought to investigate whether outside air temperature or cabin temperature is associated with individual patient temperature change or the development of hypothermia in our helicopter-transported patients.
Materials and methods
The Greater Sydney Area Helicopter Emergency Medical Service (GSA-HEMS) operates a doctor and paramedic team providing pre-hospital and inter-hospital retrieval for over 3000 patients per year using rotary, fixed wing and road vehicles. No active patient-warming devices or extra blankets are carried on the aircraft, although blood is given via a portable fluid warmer (Belmont Buddy LITE, USA). Space blankets and a sleeping bag were available to assist passive heat retention. A prospective observational study was performed measuring outside air, cabin, and patient temperature over a 12-month period (April 2014 to March 2015) in helicopters from our Bankstown and Wollongong bases. Ethics approval for the collection of temperature and demographic information was granted by the Local Health District ethical review committee (LNR/12/RPAH/87).
Outside air temperature (OAT) was measured using the aircraft instruments on engine startup, at greater than 10 minutes inflight and on engines-off. Patient temperature was measured with either a Braun Thermoscan Pro 4000™ tympanic thermometer (Welch Allyn, Ermington, NSW) or Propaq oesophageal probe (Welch Allyn, Ermington, NSW), for intubated patients. These have a clinical accuracy of ±0.2 o C 15 and ±0.1 o C 16 respectively. Medical teams were asked to record the patient's temperature on loading into the helicopter and after landing at engines-off (just prior to unloading) to correspond with the outside air temperature measurements. For those with an oesophageal probe, an in-flight temperature was also requested. The air and patient temperature and times were recorded on stickers placed on the medical records and entered into the study database every ten days.
Cabin temperature was recorded using Logtag™ temperature data loggers 17 (Logtag Recorders Ltd, Northcote, NZ) placed in the centre of the cabin, out of direct sunlight and away from cabin heater vents. They were configured to record the temperature every two minutes. These data loggers were downloaded every ten days, and a separate file created for each mission with the start and finish corresponding to the patient loading and engines-off times as recorded on the study sticker. Loading, engines-off, in-flight and average cabin temperature (as calculated automatically by the Logtag) were then recorded for each patient. The Logtag accuracy is ±0.5 o C with a resolution of 0.1 o C.
Medical records were also reviewed for the following variables: intubation, NMB given, indication for transport, IVF or blood given during transport, sex, age, SBP and RR on arriving at the patient and comments as to any patient temperature management.
Hypothermia was defined as <36 o C and hyperthermia was defined as >37.5 o C. The TNZ was defined as >20 o C as patients are often stripped of clothing during their primary survey therefore 18 o C may be inappropriately low.
Statistical analysis was performed using R statistical software (The R Foundation for Statistical Computing version 3.1.2). Univariate analysis was conducted using Student's t-tests, Fisher's exact test for equal proportions, or nonparametric tests where appropriate. Repeated-measures analysis of variance performed to assess whether cabin or OAT changed between loading, in-flight and engines-off, with Bonferroni's adjustment to post-hoc test P-values. Measures of association between temperature variables were assessed by Pearson's product-moment correlation coefficient and univariate regression. Temperature variables and previously identified risk factors for hypothermia were entered into a multiple regression model to evaluate determinants for patient temperature on engines-off. Normally distributed outcomes are reported as means (± standard deviation [SD]), whilst non-normal data are reported as medians (interquartile range [IQR]). Categorical data are reported as count and proportions. A two-sided P-value of 0.05 was considered to be statistically significant.
Results
Of 801 eligible patients during the study period, loading and engines-off temperatures were recorded on 182 patients (23%). Eight of these were paediatric, leaving 174 adults. One patient was removed as their temperature (27 o C) was measured following prolonged immersion in cold water, at which temperature tympanic thermometers are known to under-read 18 . Forty patients had missing cabin or OAT records, resulting in 133 patients with complete data (17% of eligible patients). Available cases were used for data exploration while only complete cases were used for hypothesis tests and regression analysis. Demographic data are presented in Table 1 .
The majority of the sample was male and 40% of the data was collected in winter with the remaining 60% divided between spring, summer and autumn. Patients were almost equally divided between medical and trauma patients. The most common reasons for medical transfer were cardiac (21%), neurological (19%) and respiratory (13%) diagnoses, while falls (30%), motor vehicle accidents (MVA) (25%) and MBA (19%) were the three most frequent trauma patient transfers. Pre-hospital missions were slightly underrepresented in the sample compared to the eligible patients. Specific temperature interventions were recorded for only five of 173 patients (three patients provided with an extra blanket, for one patient the cabin heater was turned on, and for one patient the air vents were opened).
There was no change in cabin temperature (loading, in-flight, engines-off) in summer, spring or autumn. Cabin temperature increased between loading, in-flight and landing in winter (P <0.001). Seasonal differences in cabin temperature were limited to winter being colder for all three measures than summer or spring (P <0.001), and autumn being different on loading and engines-off from winter values (P <0.001). For all seasons, outside air temperature was significantly lower in-flight (P <0.001). Spring and summer had similar OAT, while OAT was significantly colder during winter for all three measures than other seasons (P <0.001).
Overall, the median of the Logtag calculated average cabin temperature for each patient differed from median in-flight OAT by 6.1 o C (95% CI 4.6 o C to 7.4 o C, P <0.001). Table 2 presents these values for each season. Overall, patient temperature increased by a median of 0.15 o C (95% CI 0.05 o C to 0.20 o C, P=0.013) between loading and engines-off. Thirty patients (23%) had an increase in temperature of >0.4 o C and 15 patients (11%) had a decrease of more than -0.4 o C (Figure 2) .
Forty-seven patients (35%) were loaded on to the aircraft hypothermic and 38 patients (29%) were unloaded hypothermic. Fifteen patients (11%) warmed up to normothermia and six became hypothermic. Table 3 presents these data for hypothermia and hyperthermia divided into pre-hospital and inter-hospital missions. When scatterplots and correlations were produced for associations between environmental temperature and patient temperature at engines-off, there were weak correlations for pre-hospital patients only with OAT on loading (Pearson r = 0.34, 95% CI 0.06 to 0.57, P=0.02), cabin temperature on loading (Pearson r = 0.39, 95% CI 0.09 to 0.59, P=0.01) and OAT in the cruise (Pearson r= 0.34, 95% CI 0.06 to 0.57, P=0.01). However, when scatterplots and correlations were investigated for associations between environmental temperature and the change in patient temperature between loading and engines-off, there was no association between OAT, cabin temperature, change in cabin temperature or change in OAT with patient temperature gradient during flight. Figure 3 presents the association between patient temperature on loading and patient temperature on landing. There was a strong association between these variables (Pearson r = 0.93, 95% CI 0.90 to 0.95, P <0.001) and the R-squared calculated by simple linear regression was 0.86. This means that 86% of the variation in patient temperature at engines-off can be explained by patient temperature on loading. When previously identified risk and protective factors for hypothermia (NMB, intubation, IV fluids, season and SBP <100 mmHg, falls, MBA and arrival RR) were added to the regression equation, the R-squared did not improve significantly for the full model compared to univariate regression against patient temperature on loading alone (R-squared = 0.87, P=0.63). In other words, factors other than patient -hospital -hospital type temperature on loading contributed little to explaining the variation in patient temperature on landing. As a result patient temperature on loading remained the only significant predictor. Similarly, no significant improvement in R -squared was found for multiple regression with measures of environmental temperature (OAT on loading and in-flight, cabin temperature on loading, average cabin temperature or air-cabin temperature gradients) added to univariate regression against patient temperature on loading alone. Table 4 presents the categorical data for TNZ and number of patients becoming hypothermic in-flight. Of the six patients who became hypothermic in-flight, all had a cabin temperature less than the TNZ and the difference in proportions were significant (Fisher's exact test P=0.03) ( Table 4 and 5).
Discussion
We set out to investigate the association between OAT, cabin temperature and patient temperature on our aircraft. The key findings were: a small increase in patient temperature between loading and engines-off, a strong predictive association between patient temperature on loading and patient temperature on engines-off, the lack of association between cabin temperature or OAT and individual patient temperature change, and a protective effect for those patients loaded normothermic against developing hypothermia by having the cabin temperature in the TNZ (>20 o C). In addition we unexpectedly found 32% of interhospital transfer patients to be hypothermic before loading onto our aircraft.
A statistically significant increase in patient temperature from loading to engines-off was found in our sample. This increase of 0.15 o C, however, is within the margin of error of the thermometers we used (+0.2 o C) so may reflect no change at all. Temperature preservation during helicopter transport has been reported in previous studies 6, 9, 10, 19, 20 . While no specific warming strategy is employed by this service, others have found no overall difference in post-flight temperature when patients are actively or passively warmed 13 . Given that extra blankets are not routinely carried on our aircraft, the cause of the heat preservation is unclear. Vibration from the gearbox and engines transmitted to the patient is one possibility. Simply being a passenger in an aircraft expends 1.8 metabolic equivalents of energy 21, and the conversion of this to heat may provide some explanation as to why patients can increase temperature.
There was no association between all measures of OAT or cabin temperature and patient temperature gradient, similar to previous studies 9, 19, 20 . This suggests that environmental temperature during transport had little influence on individual patient temperature, and the significant correlations we report between ambient and patient temperature on landing may represent a patient environment interaction that had occurred prior to loading on the aircraft. We also found that 86% of the variance in patient temperature on landing could be explained by the patient's temperature on loading. When known risk factors for hypothermia were added to our regression equation, only 1% more of the variance could be explained. This implies that the variables we measured, with the exception of the patient's loading temperature, had little influence on temperature gradient between take-off and landing. This is supported by a recent study of neonatal retrievals in a similar environment to ours, that also found core temperature on departure to be the strongest predictor of arrival temperature at the receiving facility 22 .
This finding of the strong predictive association for patient temperature on departure with arrival temperature has implications for research looking at risk factors for hypothermia and heat loss both in pre-hospital and transport medicine. The initial patient temperature should be taken into account. For example, while our results disagree with another study 11 that found an association between OAT during flight and pre-hospital patients arriving hypothermic, these authors measured rectal temperature on arrival at the emergency department but did not record patient temperature pre-flight. The results of our study would suggest a number of patients may have been hypothermic pre-flight and the association found by these authors may be a reflection of an existing relationship between patient temperature and ambient temperature at the scene rather than low OAT in-flight leading to heat loss and the development of hypothermia. Similarly, the lack of association between blood transfusion, intubation, IVF and patient temperature in our results is in contrast with previous reports 8, 11 . However, again patient temperature pre-flight was not included in these reports. It is possible their patients were cold prior to these interventions and transport. In addition, while we did not record the volume of fluid given in-flight, this service practises low-normotensive resuscitation and only carries one litre of Hartmann's solution and 500 ml of 7.5% saline in pre-hospital packs. It is likely that the fluid volume given in our service would be less than the two litres of crystalloid that has been found associated with arrival hypothermia 11 .
For those patients loaded normothermic, having the cabin temperature within the TNZ seemed protective against developing hypothermia. This is similar to Feige et al 10 who reported no hypothermic patients and an average cabin temperature of 23.6 o C. Given that we report a lack of association between environmental and patient temperature change it is difficult to explain this finding. Our patients who became hypothermic experienced large temperature losses (0.4 o C to 1.0 o C). As the number of patients who became hypothermic was small (six patients) it is possible this may be a spurious result. However, it may also be due to the TNZ preventing large temperature changes. A further study with a much larger sample size would be required to demonstrate such an effect.
A surprising number of inter-hospital patients from our sample were hypothermic on loading and similarly high rates for hypothermia at the referring facility have been reported elsewhere for neonates (25%) 22 and adult patients (20% 10 and 39% 9 ). This suggests that a number of critically ill patients are cold while waiting on the ward as it is unlikely they developed hypothermia in the short distance between the building and the helipad. A previous study in Australia has reported up to 7% of trauma patients develop hypothermia during admission and this is associated with increased mortality, ICU admission and length of stay 4 . Attention to temperature management at the referring facility may be equally as important as trying to warm patients during transport, especially given that it is unlikely that patients will increase temperature during flight.
There are a number of limitations to this study that should be acknowledged. First, this is an observational study and we cannot attribute cause and effect to any relationship we report. Second, a lack of documentation does not mean lack of interventions. It is possible additional blankets or cabin heating was used by medical teams but not recorded, especially in winter where cabin temperature increased after take-off despite outside air temperature dropping. However, as we recorded and correlated the actual cabin temperature for each individual patient, the effects of these confounders should be minimal. Third, the accurate timing of temperature recordings is difficult to guarantee, and there may be up to five minutes between corresponding outside, cabin and patient measurements. As we requested OAT to be documented after the aircraft had been in an established location (on ground pre-flight and in-flight for >10 minutes), this is unlikely to be significant. This service rarely performs "hot unloads" (where the engines are left running as the patient is transferred from the aircraft), therefore patient temperature, OAT and cabin temperature at engines-off should be closely temporally related. Finally, compliance with temperature measurement was low, despite medical teams being aware that a research project was underway. Therefore this sample may not be a simple random sample. However, as we recorded cabin and OAT for each individual patient and while the rates of hypothermia and hyperthermia in our patients may have some inaccuracy in their estimate, the relationships between temperatures and temperature changes should remain valid. Low compliance with temperature monitoring is not a problem unique to our service, with previous observational studies also reporting low temperature monitoring rates in aeromedical (29% 10 ) and emergency department admission (38% 7 ). Attempts were made to improve enrolment including stickers on patient records, moving the thermometer to a more accessible location in the aircraft and frequent reminder emails and posters. We did not document the medical teams' reasons for not recording patient temperature, however barriers to physicians adopting temperature management guidelines in another setting include workload, perceived lack of benefit or lack of awareness of guidelines 23 . It would be useful to survey our medical teams to identify impediments to temperature monitoring and implement a quality improvement project aimed at increasing compliance.
In conclusion, our findings that patient temperature preflight is the best predictor of patient temperature postflight, and of temperature preservation in our patients does not mean we should not attempt to measure and warm patients in transport; a third of patients in this sample still experienced a temperature change of greater than 0.4 o C. However the high rate of hypothermia in patients prior to getting into our aircraft suggests that patient temperature also needs to be addressed at the referral stage and early into trauma care. In addition, a simple tool such as a cabin thermometer may help prevent further heat loss and a study with a much larger sample size looking at targeted cabin temperature >20 degrees may be warranted. Finally, our service needs to increase compliance with temperature monitoring. Amendments to our medical records are being considered to better document temperature-related interventions in order to assist with this.
